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[57] ABSTRACT

A recording circuit includes a frequency modulator for
frequency-modulating an input signal, such as, a lumi-
nance signal of a color video signal, a phase inverter for
phase-inverting a signal with a predetermined fre-
quency which is included in an output signal of the
frequency modulator and which is to be cancelled
therefrom, a limiter for amplitude-limiting an output
signal of the phase inverter, and an adder in which the
output signal of the limiter and another signal, such as,
a low-frequency converted carrier chrominance signal
of the color video signal which has a carrier frequency
equal to the predetermined frequency, are mixed prior
to being recorded on a recording medium.

8 Claims, 4 Drawing Sheets
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COLOR VIDEO SIGNAL RECORDING
APPARATUS FOR SUPPRESSING BEST
INTERFERENCE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a recording
circuit suitable for a video tape recorder (VTR), video
disc apparatus or the like, and, more particularly, is
directed to a recording circuit which can remove an
undesired frequency component that causes an undestr-
able beat interference.

2. Description of the Prior Art

When a color video signal 1s recorded on a magnetic
tape by a video tape recorder (VTR) which, for exam-
ple, employs a carrier chrominance signal low fre-
quency converting system, the color video signal i1s
separated into a luminance signal and a chrominance
signal, the luminance signal is frequency-modulated to
provide an FM luminance signal, and the chrominance
signal, originally having a carrier frequency of 3.58
MHz: in the case of the NTSC system, 1s low frequency

converted to a low frequency converted carrier chro-
minance signal having a carrier frequency of, for exam-

ple, 668 kHz. Then, the FM luminance signal and the
low frequency converted carrier chrominance signal
are mixed or combined and the resulting combined
video signal is recorded on the magnetic tape.

When a video signal thus recorded on the magnetic
tape is played back or reproduced a combined video
signal reproduced from the magnetic tape by a magnetic
head is separated into the FM luminance signal and the
low frequency converted carrier chrominance signal.
The FM luminance signal is demodulated to provide the
luminance signal, and the low frequency converted
carrier chrominance signal is frequency converted back
to the original carrier frequency of 3.58 MHz. Then, the
demodulated luminance signal and the reconverted
carrier chrominance signal are mixed to provide a re-
produced color video signal.

In order to obtain the FM luminance signal having a
center frequency f, from the combined video signal
reproduced by the head, it is proposed to remove the
low frequency converted carrier chrominance signal
having a carrier frequency f. by means of a trap circutt,
or to pass only the FM luminance signal through a
high-pass filter. Since the low frequency converted
carrier chrominance signal has no frequency deviation,
and the frequency band thereof is narrow, the low fre-
- quency converted carrier chrominance signal can be
readily removed by the trap circuit.

However, a problem arises when using a trap circuit,
as described above. More specifically, a cross color may
occur when a recorded video signal enters the carrier
chrominance signal to give color to an uncolored por-
tion of the picture. In such case, it is difficult to separate
the carrier chrominance signal from the recorded color
video signal.

In order to avoid the above-mentioned problem, it
has been proposed to connect a trap circuit, having a
trapping frequency corresponding to that of the low
frequency converted carrier chrominance signal, to the
output of the frequency modulator for the luminance
signal before the resulting FM luminance signal and the
low frequency converted carrier chrominance signal
are mixed and then recorded on a magnetic tape.
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FIG. 1 shows an example of a circuit which embodies
the above-mentioned arrangement according to the
prior art, and in which a luminance signal 1s applied to
an input terminal 1. The luminance signal applied to the
input terminal 1 is FM-modulated by an FM modulator
2 and fed to one input of an adder 3, in which it is added
or combined with a low frequency converted carrier
chrominance signal supplied to the other input of the

. adder 3 from a terminal 4. The resulting combined or

mixed signal from the adder 3 is recorded on a magnetic
tape 6 by a magnetic head 5. Further, in the prior art
arrangement of FIG. 1, a trap circuit 7 is interposed
between the FM modulator 2 and the respective input
of the adder 3. The frequency of the trap circuit 7 is
selected to be substantially the same as that of the signal
to be mixed with the FM luminance signal, that is, the
low frequency converted carner chrominance signal.
FI1G. 2 schematically shows a frequency spectrum of
a standard FM signal dentved from the FM modulator 2,
and from which it is apparent that the odd-numbered
side band components of the lower side band (L SB) and
the upper side band (USB) are opposite in phase,
whereas the even-numbered side band components of
the lower and upper side bands are the same in phase as
each other and as the carrier. Since the FM luminance

signal and low frequency converted carrier chromi-
nance signal are mixed by the adder 3 and then recorded
by the circuit shown in FI1G. 1, a frequency spectrum as
shown in FIG. 3A has to be considered as possible for
the output from the FM modulator 2. In other words, an
odd-numbered side band component having a fre-
quency equivalent to the frequency f. of the low fre-
quency converted carrier chrominance signal may
occur in the LLSB, and may interfere with the low fre-
quency converted carrier chrominance signal when

mixed with the latter in the adder 3, thereby causing a
beat interference. In an effort to avoid such interfer-

ence, the prior art provides the trap circuit 7 whose trap
frequency corresponds to the frequency f; of the odd
numbered side band components which is the same as
the frequency f. of the low frequency converted carrier
chrominance signal with which the FM luminance sig-
nal 1s to be mixed. The odd-numbered side band compo-
nent of the frequency f. in the LSB is removed by the
trap circuit 7, as shown mm FIG. 3B. However, if the
recording/reproducing system that follows the adder 3,
such as, the magnetic head 5§, the magnetic tape 6 and
the like, has a himiter characteristic, the USB side of the
FM luminance signal is folded in the course of the re-
cording and reproducing operations, whereby the odd-
numbered side band component which had been
trapped in the LSB is restored therein, as shown in FIG.
3C. The frequency {. of the restored odd-numbered side
band component is close to that of the low frequency
converted carrier chrominance signal, so that this odd-
numbered side band component and the low frequency
converted carrier chrominance signal cause a beat inter-
ference to occur which deteriorates the quality of the
reproduced picture.

OBJECTS AND SUMMARY OF THE
INVENTION

Accordingly, it is an object of the present invention
to provide an improved recording circuit which can
avoid the above problems encountered with the prior
art.
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More specifically, it is an object of the present inven-
tion to provide a recording circuit which can prevent
occurrence of a beat interference.

It is another object of the present invention to pro-
vide a recording circuit, as aforesaid, which is particu-
larly suited for use with a video tape recorder, a video
disc apparatus and the like.

It is a further object of this invention to provide a

recording circuit in which a luminance signal of a color
video signal is frequency modulated and mixed for re-
cording with a low frequency converted carrier chro-
minance signal of the color video signal, and in which a
beat interference between an odd-numbered side band
component of the FM luminance signal and the low
frequency converted carrier chrominance- signal 1s
avoided.

According to an aspect of the present invention, a
recording circuit comprises:

a frequency modulator for frequency-modulating an
input signal, for example, a luminance signal;

a phase inverter for phase-inverting a signal of a pre-
determined frequency, for example, the carner fre-
quency of a low frequency converted carrier chromi-
nance signal, and which is included in an output signal
of the frequency modulator and is to be cancelled; and

a limiter for amplitude-limiting an output signal from
the phase inverter, whereupon, the output signal from
such limiter and another signal, such as, the low-fre-
quency converted carrier chrominance signal, are
mixed and then recorded on a recording medium.

The above, and other objects, features and advan-
tages of the present invention, will become apparent in
the following detailed description of a preferred em-
bodiment which is to be read in conjunction with the
accompanying drawings, and in which like reference
numerals are used to identify the same or similar parts in
the several views.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing an example of a
trap circuit employed according to the prior art;

FIG. 2 and FIGS. 3A-3C are frequency spectrum
diagrams to which reference is made in explaining a
problem encountered in connection with the circuit
shown in FIG. 1;

FIG. 4 is a block diagram showing a recording circuit
according to an embodiment of the present invention;

FIG. 5 is a block diagram of a phase inverter consti-
tuting a main component of the recording circuit of
FI1G. &; |

FIG. 6 is a schematic diagram showing a practical
circuit for the phase inverter of FIG. §; and

FIGS. 7A to 7C and FIGS. 8A and 8B are schematic
diagrams to which reference will be made in explaining
operation of the embodiment shown in FIG. 4.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

A recording circuit for a VIR or sumilar apparatus
according to an embodiment of the present invention
will now be described in detail with reference to FIG. 4
in which parts corresponding to those described with
reference to FIG. 1 are identified by the same reference
numerals and will not be further described in detail. In
the embodiment shown in FIG. 4, a first limiter 10, a
phase inverter 11 and a second limiter 12 are provided
in sequence between the FM modulator 2 and the re-
spective input of the adder 3.
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The limiter 10 is provided to limit the amplitude
component of the FM luminance signal and thereby
obtain an FM signal having no envelope component.
The limiter 10 may be removed if an FM signal with no
envelope component is already obtained from the FM
modulator 2. The phase inverter 11 1s adapted to phase-

invert a signal of a particular frequency, for example,
only a signal having a frequency corresponding to the

frequency of a signal supplied to the adder 3 from the
terminal 4, and which is desirably a lJow frequency con-
verted carrier chrominance signal or AFM signal. The
phase inverter 11 has a constant gain and may be desir-
ably formed as shown in FIG. §, by way of example.

The phase inverter 11 of FIG. § is shown to generally
comprise a bandpass filter 14, an amplifier 15 and an
adder 16. The bandpass center frequency fo of the band-
pass filter 14 is selected to be substantially equivalent to
a frequency f; of the signal applied to the terminal 4.
The signal including the frequency fo derived from the
limiter 10 is supplied to one input of the adder 16, and 1s
also supplied to the bandpass filter 14. The signal having
the frequency fo passes through the bandpass filter 14, 1s
amplified twice in amplitude and phase-inverted by the
amplifier 15, and is then supplied to another input of the
adder 16. Consequently, a signal having a frequency of
—fois supplied from the output of the adder 16. In other
words, in the phase inverter 11 of FIG. §, a signal hav-
ing a frequency fo substantially equal to the frequency
fi of the signal applied to the terminal 4 i1s phase-
inverted and supplied from the output of the adder 16
for application to the limiter 12 (FIG. 4).

In a practical circuit arrangement of the phase in-
verter 11, as shown in FIG. 6, the signal including the
frequency fo from the limiter 10 (FIG. 4) is supplied to
the base of a first transistor 17, and fed through the
emitter of the transistor 17 and a resistor 18 to the base
of a second transistor 19. This signal line corresponds to
the signal path which extends directly from the limiter
10 to one input of the adder 16 in FIG. 5. The signal
applied to the base of the transistor 17 is derived, at the
collector of the transistor 17, an inverted signal. A par-
ticular frequency component of such dertved signal is
extracted by a bandpass filter formed of a coil 20 and a
capacitor 21, respectively, and is fed to the base of the
transistor 19. In other words, the latter signal line in-
cluding the coil 20 and capacitor 21 corresponds to the
path extending to the other input of the adder 16 from
the limiter 10 through the bandpass filter 14 and the
amplifier 15 in FIG. §. The signals supplied through the
resistor 18, and through the coil 20 and capacitor 21,
respectively, to the base of the transistor 19 are added
therein, and hence, a signal of —fpis developed at the
output or emitter of the transistor 19.

Turming back to FIG. 4, it is to be noted that the
limiter 12 is operated as a circuit for suppressing an AM
(amplitude-modulated) component contained in the
phase-inverted signal from the phase inverter 11.

Operation of the circuit of FIG. 4 will now be ex-
plained with reference to FIGS. 7A to 7C and FIGS.
8A and 8B.

The input signal from the input terminal 1, for exam-

~ ple, the luminance signal, 1s FM-modulated by the FM

65

modulator 2 and the AM component thereof is sup-
pressed by the limiter 10 which provides an output
signal as shown in FIG. 7TA. FIGS. 8A and 8B respec-
tively illustrate examples of FM signals in which fre-
quencies of the odd-numbered and even-numbered side
band components become equivalent to the frequency
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f1 of the signal applied to the terminal 4 in F1G. 4. More
specifically, FIG. 8A shows odd-numbered side band
components having the frequency fi which appear
when the modulation degree is small, whereas FIG. 8B
shows even-numbered side band components having
the frequency fi which appear when the modulation
degree 1s large.

When the signal shown in FIG. 7A is emitted from
the output of the limiter 10, the odd-numbered side band
components are as shown in the left-hand side portion
of FIG. 8A, and the even-numbered side band compo-
nents are as shown in the left-hand side portion of FIG.
8B. It will be understood from FIG. 8A that the odd-
numbered side band components in the lower and upper
side bands LSB and USB are in opposite phase relation-
ship to each other, whereas, it will be understood from
FIG. 8B, that the even-numbered side band components

10

15

in the lower and upper side band have the same phase as

the carrier.

When the signal from the limiter 10 is supplied to the
phase inverter 11 in which the signal having the fre-
quency f1 is phase inverted, the result thereof is to pro-
vide the envelope of the signal f; with an AM compo-
nent, as shown in FIG. 7B. From the central portions of
FIGS. 8A and 8B, it will be seen that the signal of the
frequency f in the LSB is phase-inverted by the phase
inverter 11. Thus, the AM component of the envelope
of the signal having the frequency f is caused by the
phase inversion.

The signal having the frequency f} is merely phase-
inverted by the phase inverter 11 and is then supplied to
the limiter 12, in which the described AM component of
the envelope is suppressed, so that the limiter 12 pro-
vides at its output a signal as shown in FIG. 7C. In other
words, AM components which cancel the AM compo-
nents of the output from the phase inverter 11, and
which are shown within parentheses at the central por-
tions of FIGS. 8A and 8B, are added in the limiter 12 to
the output from the phase inverter 11. It is clear from
the right-hand side portions of FIGS. 8A and 8B that
the odd-numbered side band components are cancelled
in both the USB and LSB (FIG. 8A) and that the even-

numbered side band components are cancelled only 1n.

LSB (FIG. 8B).

- The signal developed at the output side of the limiter
12 is supplied to the adder 3, in which it is added to the
other signal applied from the terminal 4, and the result-
ing combined signal is recorded on the magnetic tape 6
by the magnetic head 5. The envelope of the signal from
the limiter 12 contains no AM component so that, even
when it is processed by a recording system having him-
iter characteristics, the restoration of the side band
components at the frequency fj can be prevented.

By way of summary, it is to be noted that, in accor-
dance with the present invention, the phase inverter 11
acts on the output of the FM modulator 2 to phase-
invert only the signal having the particular frequency f;
which it is desired to cancel before the FM signal is
mixed with another signal, such as, the low-frequency
converted chrominance signal, whereupon, the output
of the phase inverter is amplitude-limited. Thus, when
the FM luminance signal is added or combined with the
low-frequency converted carrier chrominance signal
and is recorded on the recording medium, regardiess of
the limiter characteristic of the recording system, inter-
ference of the FM luminance signal with the low fre-
quency converted carrier chrominance signal can be
prevented for avoiding a beat interference or the lke.
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Although a preferred embodiment of the invention
has been described in detail with reference to the ac-
companying drawings, it 1s to be understood that the
present invention is not limited to that precise embodi-
ment, and that many changes and modifications could
be effected therein by one skilled in the art without
departing from the spirit and scope of the invention as
defined in the appended claims.

What is claimed 1s:

1. A recording circuit for recording a color video
signal including a luminance signal and a low frequency
converted carrier chrominance signal, comprising:

frequency modulating means for frequency-modulat-

ing said luminance signal to produce a frequency-
modulated luminance signal;

phase inverting means for phase-inverting a lower

side-band component of said frequency modulated
luminance signal having a predetermined fre-
quency substantially equal to the carrier frequency
of the low frequency converted carrier chromi-
nance signal to provide a frequency-modulated
luminance signal having the phase-inverted lower-
sideband component;

limiting means coupled to the phase inverting means

for amplitude-limiting said frequency-modulated
luminance signal having said phase-inverted lower
side-band component, said limiting means being
operative to produce a further component having
substantially the same frequency as said phase-
inverted lower side-band component and a phase
opposite thereto such that said lower side-band

component is substantially cancelled by said fur-
ther component;

adding means for mixing the amplitude-limited signal
from said limiting means with said low-frequency
converted carrier chrominance signal to produce a
recording signal; and

means for recording said recording signal on a re-

cording medium.

2. A recording circuit according to claim 1; in which
said recording medium is a magnetic tape.

3. A recording circuit according to claim 1; in which
said phase inverting means includes a bandpass filter, an
amplifier and an adder for adding said frequency-
modulated luminance signal from the frequency modu-
lating means, after being passed through said bandpass -
filter and amplified by said amplifier, to said frequency-
modulated output in an opposite phase, said bandpass
filter being operative to pass signals within a pass band
including the frequency of said lower side-band compo-
nent.

4. A recording circuit according to claim 3, in which
said phase inverting means includes first and second

transistor amplifying means each having base, emitter
and collector electrodes, means for applying said fre-

quency-modulated luminance signal from the frequency
modulating means to said base electrode of the first
transistor amplifying means, means connecting said
emitter electrode of said first transistor amplifying
means to said base electrode of said second transistor
amplifying means, a coil and a capacitor connected
between said collector electrode of said first transistor
amplifying means and said base electrode of said second
transistor amplifying means and constituting said band-
pass filter, and means for deriving said frequency-
modulated luminance signal having said phase-inverted
lower side-band component from said emitier electrode
of said second transistor amplifying means.
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5. An apparatus for recording a color video signal
having a frequency modulated luminance signal and a
low frequency converted carrier chrominance signal,
the frequency modulated luminance signal including a
side band component having a frequency which is suffi-
ciently close to a carrier frequency of said low fre-

quency converted chrominance signal to produce beat
interference therewith, said apparatus comprising:

a circuit for preventing a beat interference between
said carrier frequency of the low frequency con-
verted carrier chrominance signal and said side
band component by substantially canceling said
side band component, including:

means for receiving the frequency modulated lumi-
nance signal;

phase inverting means for phase-inverting said side
band component of the received frequency modus-
lated luminance signal to provide a frequency mod-
ulated luminance signal having the phase-inverted
side-band component; and

limiting means coupled to the phase inverting means
for amplitude-limiting the frequency modulated
Juminance signal having said phase-inverted side
band component, said limiting means being opera-
tive to produce a further side band component
having substantially the same frequency as said
phase-inverted side band component and & phase
opposite thereto, such that said further side band
component substantially cancels said phase-
inverted side band component to produce a side
band suppressed frequency modulated luminance
signal;

said apparatus further comprising:
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adding means for adding said side band suppressed
frequency modulated luminance signal and said
low frequency converted carrier chrominance sig-
nal to produce a recording signal; and .

means for recording the recording signal on a record
medium.

6. An apparatus for recording according to claim §; in
which said record medium is a magnetic tape.
7. An apparatus for recording according to claim 3; in

which said phase inverting means includes: bandpass
filter means supplied with the received frequency mod-
ulated luminance signal for passing components thereof
within a pass band including the frequency of said side
band component to produce a filtered signal, an ampli-
fier means for amplifying and phase inverting said fil-
tered signal and adder means for adding the amplified
and phase inverted filtered signal to the received fre-
quency modulated luminance signal.

8. An apparatus for recording according to claim $; in
which said phase inverting means includes first and
second transistors each having base, emitter and collec-
tor electrodes, means for applying the frequency modu-
lated luminance signal to said base electrode of the first
transistor, means connecting said emitter electrode of
said first transistor to said base electrode of said second
transistor, a coil and a capacitor connected between said
collector electrode of said first transistor and said base
electrode of said second transistor for forming a band-
pass filter for said frequency modulated luminance sig-
nal, and means for denving said frequency modulated
luminance signal having the phase-inverted side band
component from said emitter electrode of said second

transistor.
S x B & %
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